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(54) Abstract Title 

Internally reinforced air springs 

(57) Air spring 10 is reinforced internally at 15. The reinforcement means may be a wire coil; and may be 
separate from, or integral with, side wall 17. The reinforcement allows the air spring to be compacted and an 
associated vehicle wheel suspension to be withdrawn by using vacuum power, without the air spring suffering 
excessive inward collapse of side walls 17. The air spring may be moulded in concertina form (Figs. 2A, 2B), 
and may be used as an actuator in a known retractable suspension (Figs. 3 to 5), particularly for an amphibious 
vehicle; where the suspension may be used to withdraw road wheels above the hull water line. The 
suspension may also be used to increase ride height above normal road level. Numerals 12 and 13 denote 
conventional mounting members. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
This print incorporates corrections made under Section 1 17(1) of the Patents Act 1977. 
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Air Springs 

The present inveation relates to air springs. In particular, though not exclusively, the 
invention relates to air springs whidi can be used on an anqjhibious vehicle to provide 
suspension for at least one wheel of the vehicle and also to move the at least one wheel 
5 between protracted and retracted positions . 

It is known to use air springs to provide suspension for road-going vehicles. A known air 
spring conqirises a flexible tube, which may be made of rubber or a similar material. Each 
end of the tube is hennetically connected to a respective mounting member. The spring is 
typically located by means of the mounting members between two relatively movable 
10 components ofthevehicte such as anaxte and a chassis member. The interior of the spring 

is selectively connectable to a source of pressurized air and means are provided to control 
the pressure of the air within the spring. In normal use the interior of the spring is 
maintained at a positive pressure which ensures that die flexible tube remains in tension and 
provides a suspensive effect to absorb road shocks. 

15 In known air spring systems, Uie pressure of die air within the air springs on a vehicle is 
selected so as to mainteun Hbs vehicle at a required ride height for a given vehicle load. It 
is also known for die pressure widiin die springs to be adjustable so as to maintain vehicle 
at die required ride height despite die variations in die vehicle load. Thus, if die vehicle 
load increases die pressure of die air widnndie springs can be increased to compensate. 

20 Conversely, die pressure of die air widiin die springs can be decreased to con?>ensate for 

a deoease in the vehicle load. 

It is also known to use air springs to vary die ride hei^t of a vehicle. For example, it is 
known in buses to decrease die air pressure in die springs on one side of die vehicle when 
die bus stops. This has die effect of lowering of diat side of die vehicle diereby helping 
25 elderly or handicapped people to get on and off. 
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Anq)hibious vehicles which provide for powered travel on both land and on water are also 
known. In certain known anqjhibious vehicles, the wheels of the vehicle are connected to 
the vehicle body by suspension assemblies adapted to enable the wheels to be moved from 
a protracted position, in which they support the vehicle for land use, to a retracted position, 
5 in which the wheels are moved above the water line for use of the vehicle in water. Such 
an amphibious vehicle is known for example from European patent No. BP 0 742 761 . In 
such known arrangements, the suspension assemblies usually con^rise a spring means for 
absorbing road shocks. The assemblies also comprise an actuator means for moving 
suspension assemblies and tite wheels from the protracted position to the retracted position 
10 to convert the vehicle for use on water. 

It is an object of the present inv^on to provide an improved air spring. 

It is also an object of the present invention to provide an air spring which can be used both 
as a spring to absorb road shocks and as an actuator. 

It is a further object of the present invention to provide an in^roved method of operating 
IS' an air spring. 

It is a still further objective of the invention to provide an anq)hibious vehicle having an 
in^roved air spring which can be used as a conventional air spring and also as an Sictusttor 
to move a wheel and suspension assembly from a protracted position to a retracted position. 

Thus, in accordance with a first aspect of the invention, there is provided an air spring 
20 comprising a flexible tube member connected at either end to a respective mounting 
member, the air spring further conq)rising internal reinforcement means associated with 
the flexible tube member, which internal reinforcement means substantially prevents or 
limits inward collapse of the side wall of the flexible tube. 

In an air spring in accordance with the first aspect of the invention, it is possible to 
25 evacuate some or all of the air withm the air spring since the internal reinforcement means 
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prevails, or at least limits, the inward collapse of the side wall of the flexible tube. With 
such an arrangement the working stroke of the spring can be increased and it is possible 
to use the spring as an acttiator to apply a pulling force between two components attached 
to the spring when the air in the spring is evacuated. 

5 In a preferred embodiment the intemal reinforcement means comprises a wire coil or 
similar arrangonent. 

In accordance with a second aspect of the invention, there is provided a method of 
operating an air spring, which air spring comprises a flexible tobe member connected at 
either end to a respective mounting member, the method comprising the steps of: 

10 providing an intemal reinforcement means to substantiaUy prevent or limit inward 

collapse of the side wall of the tube; and 

evacuating aU or some of the air ftom the interior of the spring. 

- A method of using an air spring in accordance with the second aspect of the invention 
permits use of the air spring over an increased working stroke. It also allows die air spring 
15 to be used as an acmator to apply a pulling force between two components attached to the 

spring when the air witfiin the spring is evacuated. 

In accordance with a third aspect of the invention there is provided an amphibious vehicle 
having at least one wheel connected to a body of the vehicle by a suspension assembly 
which is adapted to enable the wheel to be moved ftom a protracted position to a retracted 
20 position, the suspension assembly further conqirising an air spring constructed in 
accordance with the first aspect of the invention or operated in accordance with the mefli^ 

of the second aspect of the invention, the arrangement being such that the air within the 
spring can be evacuated to move the at least one wheel from the protracted position to the 
retracted position. 
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Several embodiments of the invention will now be described, by way of example only, with 
reference to the following drawings in which: 

Figures lA and IB are simplified, somewhat schematic views in cross section of a first 
embodiment of an ak spring in accordance with die invention showing the spring in a fiiUy 
S extended condition and fully contracted condition respectively; 

Figures 2A and 2B are views similar to that of Figures 1 A and IB but showing a second 
embodiment of an air spriiig in accordance with the invention; 

Figure 3 is a perspective view of a simplified wheel and suspension assembly for an 
amphibious vehicle, the assembly comprising an air spring in accordance with the 
10 invention; 



Figure 4 is a front view of the suspension assembly of Figure 3 showing the assembly in 
a protracted position with the air spring in land travel mode; and, 

• Figure 5 is a view similar to that of Figure 4 showing the wheel and suspension assembly 
in a retracted position with the air spring fully contracted. 

1 5 Figures 1 A and IB show an an: spring indicated generally at 10. The spring 10 con^Mises 
a flexible tube member 11 which is connected at either end to a respective mnnnting 
member 12, 13. The tube member may be made of any suitable material but preferably is 
made of rubber, synthetic rubber or a snnilar material and the connection between the ends 
of the tube and the mounting members 12, 13 is hermetically sealed. 

20 The spring 10 further comprises an internal reinforcement means 15 which is associated 
with the inner surface 16 of the side wall 17 of the tube member to linait mward movement 
of the side wall 17 of the tube. The reinforcement member 15 may take any suitable form 
but in the embodiment shown is in the form of a wire coil. 
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The reinforcement means 15 may be a sqjarate component arranged to contact the inner 
surface 16 of the side wall 17 of the tobe member 11 as shown. Alternatively, the 
reinforcement means could be provided as an integral component of the mbe member. 

The interior 14 of the tube 11 is selectively connectable via valve means (not shown) to a 
5 source of pressurized air or to a source of vacuum such that the pressure of the air within 
the tube can be controlled. When the interior of the mbe 14 is connected to a source of 
vacuum, the air wilhm the tobe can be exhausted resuhmg in the pressure of ihe ai^ 
the spring bemg lower flian the ambient pressure outside the spring, in oflier words flie 
interior 14 of the spring can be subjected to a negative au: pressure. 

10 Figures 2A and 2B show a second embodmient of an air spring 110 which is similar to the 
spring 10 shown in Figures lA and IB. The same reference numerals but increased by 100 
are used to identify conq)onents whidi perform die same fimction as those described above 
with reference to the ^ring 10 shown in Figures lA and IB. 

The spring 110 is identical to d« sprite 10 in aU respects except for the cotjstructioii of die 
1 S tube member 111 which is formed as a concertina or beUows. The concertina or bellows 
construction of the tube member 111 aBows die spring 110 to operate over a larger range 
of movement than the spring 10. This can be advantageous when usmg the spring 110 as 
an actuator, as will be described in more detail later. 

Operation of die springs 10, 1 10 wiU now be described. Since die operation of spring 1 10 
20 is identical to that of spring 10, the followmg description will refer only to spring 10. It 
should be understood, however, fliat die following description applies equally to spring 
110. 

Figure lA shows the spring 10 m operation as a conventional air spring. The interior 14 
of the spring is subject to a positive air pressure mainfaining the tobe member 11 in tension 
25 andbiasingthemountmgniembcrsl2, 13^art. lhusefliemoun±)gmenib«sl2, 13will 
be attached to relatively moveable components of a vehicle, such as die body of die vehicle 
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and a suspension linkage respectively. When a wheel attached to the suspension linkage 
goes over a bump, this will result in a relative movement between the suspension linkage 
and the body of the vehicle which tends to compress the air within the spring 10. 
Conq>ression of die air within the spring acts to absorb the shock of the wheel hitting the 
5 bump and so reduces the shock which is transferred to the body of the vehicle* 

Figure IB shows the spring 10 in a fully contracted position with all, or at least most, of 
the ak within the spring evacuated. The mounting members 12, 13 have been drawn 
togedier, with the movement of the moimting members towards each other beiqg greater 
than would occur during use of the spring 10 as a conventional air spring. Despite the 
10 negative air pressure within the tnbe member 11, the side waU 17 is prevented from 
collapsing inwards by the wire coil IS. This arrangement allows proper operation of the 
air spring over its full range of movement from the extended position shown in Figure 1 A 
to the contracted position shown m Figure IB. 

Evacuation of the air from within the tube 11 allows the spring 10 to be used as an actuator 
15 to apply a pulling force between two components to which the mounting members are 
• attached. So in the example described above where the spring is mounted between a 
suspension member and a vehicle body, the spring 10 can be evacuated in order to apply 
a pulling force between the body of the vehicle and the suspension linkag e This will tend 
to move ibs linkage relative to the vehicle body. If the interior of the spring is subsequently 
20 re-pressurized, the mountmg members 12, 13 will be forced apart by the pressure of the 
air within the spring 10 and will tend to move the Imkage member back m the opposite 
direction. 

This arrangement has particular application in an amphibious vehicle having wheels that 
can be moved from a protracted position, in which the wheels support die vehicle body for 
25 normal road or land use, to a retracted position, in which the wheels are moved above the 
water line for use of the vehicle in water. An anq)hibious vehicle of this ^e is described 
in European Patent No. EP 0 742 761 to which the reader should refer for a more detailed 
description of the wheel retraction arrangement 
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Figures 3 to 5 show a sinq)lified suspension assembly 20 for an amphibious vehicle having 
a retractable wheel 21. 

The wheel 21 is attached to a vehicle body 31 by the suspension assembly 20 which 
con^rises a wheel upright support 22. a lower suspension arm 23 and an upper suspension 
5 arm 24. The un«r and lower suspensicm aims 23, 24 both have a generally V or wishbone 

shape. Tte inner ends of the lower suspension aim 23 are pivotally attached to the vehicle 
body at mounting points 25 whilst the outer end is pivotaUy attached to the wheel upright 
support at the mounting point 26. Shnilarly, the mner ends of the upper suspension arm 24 
are pivotally attached to the vehicle body at mounting points 27, whUst the outer end is 
10 pivotally mounted to the wheel upright support 22 at mounting point 28.This arrangement 
permits movement of die wheel 21 relative to the vehicle body as for example when the 
wheel goes over a bump in the road or during wheel retraction as will be described later. 

An air spring 10 in accordance with the invention is mounted to the vehicle body 31 at 
point 30 and to the lower suspension ann 23 at mounting point 29. The spring 10 can be 
1 5 operated in a land travel mode of the vehicle as a conventional ahr spring with the interior 
• ofthe spring behig pressurized from a source ofpressurized air (not showid. la tbis^^ 
of operation, the air spring 10 acts to absorb road shocks as the wheel 21 travels over 
bumps on die road or land suifKe. 

In normal land use, die pressure of the air within die spring is controlled so as to maimam 
20 the vehicle at die correct ride height. However, if required, the pressure in the air spring 
10 could be varied in order to vary die ride height of die vehicle. For example, die pressure 
in die spring could be raised to increase die ride height and fliereby provide more ground 
clearance when die vehicle travels over rough terrain. 

The spring 10 can also be used as an actuator to move die wheel between its protracted and 
25 retracted positions so as to change die vducte from land use mode to water use mode aM 

vice versa. In order to move die wheel from die protracted to die retracted position, die 
interior of die spring is connected to a source of vacuum to exhaust die air from inside die 
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Spring. This results in the mounting members 12, 13 being drawn together so that the lower 
suspension arm 23 is pivoted upwardly, according to arrow R, moving the wheel to the 
retracted position. 

Figures 3 and 4 show the spring and suspension assembly in land travel mode. In Figure 
5 4, the position of the wheel 21 in the protracted position is indicated by solid lines whilst 
the position of the wheel when retracted is shown by dashed lines. 

Figure S shows die spring 10 in its fully contracted condition. In this Figure, the position 
of the wheel 21 when fully retracted is indicated by solid lines whilst the position of the 
wheel when in fb& protracted position is indicated by dashed lines. 

10 It should be noted that mounting pomts 25, 27 and 30 are fixed on the vehicle body. 
During wheel retraction, arm 23 and wheel support 22 are pivoted upwards, causing arm 
24 to rotate around mounting point 27 in an "over centre" action, as disclosed in EP 0 742 
761, so that in the fully retracted position, joint 28 is foxmd inboard of mounting 27. 

• When it is desired to return die wheel 21 to its protracted position, the spring 10 can be re- 
15 pressurized by again connectiqg it to the source of pressurized an: so that the mounting 
members 12, 13 are biased apart and the lower suspension ann 23 is pivoted downwardly 
according to arrow P until the wheel 21 is once again in its protracted position for land use. 
The spring 10 can then be operated as a conventional an: spring once more. 

Although the above descrqition referred to an ah: spring 10, as shown in Figures lA and 
20 IB, it will be understood that the air spring could be of any suitable design and in 
particular may be of the type shown in Figures 2A and 2B in which die tobe member 111 
is of concertina or bellows form. The advantage of using a spring 110 of the concertina or 
bellows type is that die spring can operate over an extended range of movement which may 
be required in order to move the wheel between the protracted and retracted positions. 
25 Indeed it should be noted that air springs in accordance with die invention when used in the 
manner described above in relation to an anq)hibious vehicle will typically have a longer 
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stroke than would be provided in a conventional air spring. The longer stroke being 
necessary in order to provide the required range of movement for moving the wheel 
between the protracted and retracted positions. 

It can be seen that an air spring in accordance with the present invention can 
5 advantageously be used to provide a dual function as a sprujg means and as an actuated 
an amphibious vehicle having a retractable wheel system. Furthermore, because ihe 
remforcement means 15, 115 is provided internally, it is not subject to corrosion in a salt 
water environment. 
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Claims 

1. An air spring comprising a flexible tube member connected at either end to a 
respective mounting member, the air spring further comprising internal 
reinforcement means associated with the flexible tube member, which internal 
5 reinforcement means substantially prevents or limits inward collapse of the side 

wall of the flexible tube. 



2. An air spring in accordance with claim 1 in which the internal remforcement means 
comprises a wire coil. 

3. An air spring in accordance with claim 1 or claim 2 in which the reinforcement 
10 means is a separate component placed in contact with the inner surface of the tube 

member. 



4. An air spring in accordance with claim 1 or claim 2 in which the reinforcement 
means is formed as an integral component of the tube member. 

5. An air spring m accordance with any previous claim in which the interior of the 
15 spring is selectively connectable to a source of pressurized ah: or to a source of 

vacuum. 



6 . An air spring substantially as hereinbefore described with reference to and as shown 
in Figures lA and IB, or Figures 2A and 2B of the accompanying drawings. 

7. A method of operating an air spring, which air spring comprises a flexible tube 
20 member connected at either end to a respective mounting member, the method 

conq)ri$ing the steps of: 



providing an internal reinforcement means to substantially prevent or limit inward 
collapse of the side wall of the tube; and 
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evacuating substantiaUy all or some of the air from the interior of the spring such 
that the mterior of the spring is subjected to a negative air pressure. 

8. A method in accordance with clann 7, the method comprismg the further step of 
connecting the spring between two relatively moveable components such that the 

5 spring appKes a pumng force between the two components when the aur within the 

spring is evacuated. 

9. A method of operating an air spring substantiaUy as hereinbefore described and as 
ilhistrated with referraice to the acconq)anying drawings. 

10. An amphibious vehicle having at least one wheel connected to a body of the vehicle 
10 by a suspension assembly which is adapted to enable the wheel to be moved from 

a protracted position to a retracted position, the suspension assembly further 
comprismg an ak spring constructed in accordance with any one of claims 1 to 6 
or operated in accordance with the mefliod of claims 7 to 9. the arrangement being 
such that air within the spring can be evacuated so as to move the at least one wheel 
15. from flie protracted position to the retracted position. 



11. 



An amphibious vehicle havmg a suspension assembly substantially as hereinbefore 
described, with reference to and as shown in Figures 3 to 5 of the accompai^ 

drawings. 
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